Left ventricular assist devices (LVADs) are a treatment option for patients with severe chronic heart failure. These patients are referred to an inpatient cardiac rehabilitation after implantation to improve an aerobic capacity and quality of life (QOL). Several studies have reported that an exercise therapy, which is a component of cardiac rehabilitation, improves exercise capacity and QOL. The LVADs were implanted successfully in a destination therapy in two Korean patients, and these patients were enrolled in the cardiac rehabilitation. After an individualized intervention, they were discharged from improved exercise functional capacity and QOL. This is the first report showing a benefit of the individualized exercise therapy using different parameters after LVADs implantation in Korea.
Introduction
The prevalence of heart failure continues to rise, and approximately 5.7 million people are living with heart failure in the United States 1) . According to a 2013 report of the Ministry of Health and Welfare 2) , mortality due to cardiac diseases of heart failure has increased progressively in Koreans. Several treatments are available for heart failure including medical management, heart transplantation, mechanical circulatory support, and hospice. Left ventricular assist devices (LVADs) are a type of mechanical circulatory support used as a bridge to a cardiac transplantation or destination therapy for patients with congestive heart failure. In addition, when compared with those patients with a pulsatile device, an implanted LVAD as a destination therapy shows improved their quality of life (QOL), exercise capacity and significantly improved their survival rates 3) . An exercise therapy is an important factor for improving postoperative outcomes. One study reported that an exercise training was feasible and safe in patients with a LVAD 4) . Moreover, according to Ueno and Tomizawa 5) , a structured exercise program was associated with an improved exercise capacity and survival rate in cardiac patients. Therefore, selecting an exercise type by the patient's medical history, previous physical activities, and postoperative complications is a very important factor for improving the exercise capacity and QOL. As I mentioned before, this study will present with two patients who underwent inpatient cardiac rehabilitation after LVAD implantation as the destination therapy. This is the first report of clinical outcomes using individualized exercise parameters for patients with an implanted LVAD in Korea.
Case Report
The first patient was a 75-year-old male who had been diagnosed with systolic heart failure ( Table 1) The exercise intervention was developed and tailored for the each patient's condition and exercise capacity after surgery ( Table   2 ). The patients were transferred to the intensive care unit (ICU) after surgery, and the inpatient cardiac rehabilitation was initiated on postoperative day (POD) 3. The first exercise for two patients was a breathing technique including pursed lips and diaphragm breathing to prevent pulmonary complications, followed by a range of motion exercises and ambulation in the ICU. On POD 10, the patients were transferred to the ward and then started immediately exercise walking in a corridor using the walker. A target heart rate (HR) for patient was calculated as the resting HR plus 30 bpm, which was recommended by the American There was improvement to walk distance in our cases. It means that these patients were improved exercise capacity after the intervention. Pre: pre-rehabilitation, Post: postrehabilitation.
of the target HR, although RPE was intermittently used due to dyspnea. The patients were able to perform all conducted exercise in the inpatient cardiac rehabilitation. to those pre-rehabilitation (PD: 37, MD: 23) (Fig. 3) .
Discussion
This study showed that an exercise therapy applied different exercise parameters improved patient's exercise capacity and QOL following LVADs implantation surgery. Several studies 4, 6, 7) have reported that the exercise therapy based on the patient's condition was the safest and improved his or her exercise capacity and QOL. According to this study, the result showed that an individualized exercise intervention using different parameters should be considered when an exercise prescription was conducted for patients with implanted LVADs to supporting more suitable exercise programs.
Guidelines for inpatient cardiac rehabilitation based on a patient's exercise capacity and strength were published by Wells 8) and recommended that the exercise intensity should be considered when planning an exercise program. In this study, because dypnea had a largely effect on the exercise intensity, the parameters of exercise intensities were applied differentially to patients. The . After implanted LVADs, shortness of breath in the first patient has been worsened compared with before the surgery.
Therefore, the initial exercise for the first patient focused on breathing exercises to improve dyspnea by monitoring using the modified Borg and Borg scales. In contrast, the second patient was able to carry out more intensive exercises due to improved dyspnea after surgery. His exercise program focused on improving his cardiopulmonary capacity through aerobic exercises such as a corridor walking, stationary bike and treadmill activities with his target HR monitoring. Given this aspect, exercise parameters such as target HR, RPE, modified Borg scales must be considered differentially depending on the postoperative patient's condition and complication.
The exercise capacity was usually evaluated after implanting a LVAD to determine the effects of the therapy. The 6-MWT was an inexpensive, relatively quick, safe and well-tolerated method to assess functional exercise capacity and can be used to predict peak oxygen uptake 9) . According to Hayes et al. 4) , the 6-minute walking distance improved 52% after exercise training compared with those before rehabilitation. These results obtained with our cases (49%) were similar. Therefore, this study showed that the tailored exercise reduced the LVADs patients exercise intolerances.
Some of these patients developed depression, as they felt tethered to a life-sustaining device and suffer from dyspnea. Also, the depression can be affect to QOL which reflects a person's overall appraisal of their physical and mental states. The MLHFQ was useful as a general survey of the physical and mental states of patients with an implanted LVAD 7) . The MLHFQ of this study increased significantly, but the improvement in score was greater in the second case than in the first case. Kirklin et al. 10) study reported that older age is affected to the postoperative outcome, this study postulated that differences in QOL between this case after implantation may have been affected by these variables.
This study have a limitation. The two patients were only participated in this study because the Korea cases of LVADs implantation are small in number. However, this study showed that an exercise therapy can be safely performed on Korean patients recovering from LVADs implantation. This result will help to provide an effective and safety exercise therapy program to exercise specialist or physiotherapist who are working in Korea.
In conclusion, considering individualized exercise parameters improved patient's exercise capacity and QOL in Korean patients with implanted LVADs. The exercise parameters should be differently applied to patients recovering from implanted LVADs as considering postoperative conditions in severe dyspnea and age. Consideration of these factors in the exercise intervention was a very important aspect to support more optimal patient's exercise intensity and to improve patient's exercise compliance.
